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I .  I NTRO D U C T I ON 
M od e r n  a g r i c u lt u r e  wi t h  i t s  f e r t i l i z e r s , 
pes t ic i d es , a n d  mech an i z ed i r r ig a t i on h a s  n o t  r i s e n  a bove 
t h e  c on s t r a in t s  impos e d  by the na t u r a l  n u t r i e n t  cyc l e s  
whic h  d e t e r m i n e  a v ai l a b i lity o f  f o od on t h is p lane t . 
Res ea rch is n eede d  t o  ens u r e  thes e biogeoch e m i c al · cyc les 
can main t a�n a l on g - t erm bal an c e  wit h ma n's n eeded 
pr oduc t ion . 
M i c r oo r g a n i s ms p lay ma j o r  r o le s  in b i o ge o c h e mica l 
t r ans fo r ma t io n s  a n d  cyc l i ng o f  e l emen t s  t h r ou g h  v a r i o u s  
env i r onmen ts . Th e s e  mic r ob i a l  ac t i on s  a r e  es sent ia l  t o  t he 
s u r viva l o f  p l a n t s and anima l s  in a pa r tic u l a r  habit at and 
w i l l  d e t e r mine �he pot en tial p r od u c t ivit y  o f  a n  ec os ys t e m. 
Tho s e  e leme n t s mos t  int en s e ly cyc led i n c l ud e  c a r bon , 
hyd r og e n , o x yg e n , n i t r og en , ph osph o r u s , a n d  s u l f u r , al l o f  
which a r e  maj o r  c omponent s o f  l i ving o r ganisms.  comp let e  
s epar at ion o f  e a c h  cyc le f r om o n e  anot her o r  f r om t h e  
impo r t an c e  o f  t h e  mic r obia l c ommunit y cann o t  b e  a c h i e ved 
d u e  t o  t he i r  int etr e la t edn e s s . The one cyc l e t h at appea r s  
t o  b e  c l o s e ly ma i n t aine d  b y  mi c r obia l ac t ivit ie s  is t h e  
n it r og en cyc le .  Denit r i fic a t ion is t h e  l e a s t  unde r s t ood 
component of t h is cyc le . On l y  r ecen t ly h a s  t h e i mpo r t a n c e  
o f  t his p r oces s become appar ent in bio g e oc hem i ca l  cycl e s .  
Since accu r at e  fie ld me asu r emen t s  f o r  den it r i f i cat i on a r e  
1 
n ot develope d ,  t he s ub ject o f  t h is t hes i s  i s  t he 
dev e l opmen t o f  an i n t ac t  s o i l co r e  t echn i q u e .  
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I I . L I T ERAT URE R EV I EW 
A. An O verview of the Nitrogen cycle in S oil. 
Th e n i t r og e n  cycle i s  mos t  dependant upo n  
m i c r ob i al a c t i on s  a n d  i s  a n  e xt r emely i mpo r t an t  p r oc e s s  o f  
any h ab i t a t .  N i t r a t e  and ammon i um a r e  u s e d  by li v i ng 
o r ga n i sms t o  s yn t h e s ize e s s ent i a l  amino ac id s , t he bas i c  
b u i ld i ng b l oc k s  f o r  pr ot e i n  product ion . Av a i la b i li ty o f  
t he s e  c omb i ned n i t r og e n  f o rms i s  o ft en c on s i de r e d  t o  b e  a 
ma j o r  l i m i t i n g  f ac t o r  fo r p r i ma r y  pr oduc t i on ac t i v i t i e s i n  
a g i ve n  e c os y s t e m. M i c r ob i al ac t i ons a r e  r e spon s i ble f o r  
t r ans fo rmat i o n s  o f  c omb i ned n i t r ogen fo rms t h r o u g h  a 
s e r i e s o f  r e ac t i on s  i n clud i ng n i t r og en f i xat i on , 
ammon i f i c a t i o n  o r  n i t r og e n  m i n e r ali za t i on , n i t r i f i c a t i on , 
and d e n i t r i f i c a t i on . 
Atmosph e r i c  N 2 c on s t i t ut es t he lar g e st r es e r vo i r  
o f  ava i la b l e  n i t r og e n  and i s  a va i lable o n l y  t o  t ho s e 
mi c r oo r gan i sms c apable o f  f i xi ng �i t r og e n  o r  i n c o r por at i n g  
N2 i nt o  p r ot e i n. N i t r og en f i xat ion i s  a m i c r o b i ally 
med i at ed p r oc e s s  o c c u r r i ng t h r ough a symbi ot i G  
r elat i on s h i p  wi t h  leg umenous p l an t s , an a s s oc i a t i ve 
e xis t e n c e  i n  plant r h i zosphe r e s , or  by f r e e- l i v i ng 
N-f i x i n g  bac t e r i a· ( 1 , 2 ) .  M i c r o o r ga n i sms a r e  able t o  ca r r y 
o u t  n i t r og en f i xat ion b e c a u s e  t hey syn t h e s i ze an e nzyme 
called n i t r og ena s e . Th i s  enzyme is a sys tem o f  two 
3 
p rot e i ns , o n e  p r ot e i n  c omponent c ont a i ns mo l y b de n u m  a n d  
i r on wi t h  t h e  s ec o n d  b e i ng cons t r uc t e d  o f  on ly i r o n  ( 2 ) .  
Th e n i t r og en a s e  e n zyme i s  e xt r eme ly oxyge n  s en s i t i ve ,  t h us 
i t  wi l l  on l y  b e  a c t i ve i n  a r e d uc e d  o xygen e n v i r onmen t . 
Th e f i r s t  d e t e c t ab l e  p r o du ct o f  n i t r og en f i xat i o n  i s  
ammon i a . T h i s  e n d  p r o d u c t  can b e  a s s imi l at e d  e a s i ly by 
p l an t s . 
Ac �t y l en e  r e du c t ion t o  e t hy l en e  i s  u s ed t o  mea s ur e  
t h e  r a t e  o f  n i t r ogen f i xa t i o n�i n  a g i ven e c osys t em . 
Ac e t y l e n e  i s  s t r uc t u r a l l y s imi l a r  t o  mo l ec u l a r  n i t r o g e n , 
t he r e fo r e  m i c r o o r gan i sms wi l l  "m i s t a k en ly" r e du c e  
acet y l en e  t o  e t hy l en e  r a t h e r  t han r e du c i ng N 2 t o  ammon i a . 
A s e cond p h a s e  o f  t h e  n i t r og en cyc le t e r me d  e i t h e r  
ammon i f i c a t i o n  o r  n i t r og e n  mine r a l i za t i o n  ( 1 , 2 ) ,  i s  t h e  
p r oc e s s wh e r e  o r gan i c  n i t r og en c on t a i n i n g  c omp o u n d s  a r e  
c onve r t e d  t o  ammon i a . I n  n e u t r a l  t o  ac i d i c  env i r onme nt s , 
ammon i a  w i l l  e x i s t  a s  t he ammon i um i on ( 2 ) .  Ni t r o g e n  i n  
t h i s  fo r m  i s  e a s i ly a s s imi l at e d  b y  p l ant s o r  
m i �r oo r g an i srns ( 1 , 2 ) .  
N i t r i f i c at ion g ene r al ly o c cu r s  when ammon i a  i s  
ox i d i z e d  t o  n i t r a t e  by a few gene r a  o f  a u t o t r oph i c  
b ac t e r i a  ( 1 , 2 ) .  I n  t h i s  t w o  s t ep p a t h way ammon i a  o r  
ammon i um i o n s  a r e  c onve r t e d  t o  n i t r i t e  i o n s  a n d  t hen i n  
s t ep two , n i t r i t e  i ons a r e  ox i d i ze d  fu r t he r t o  ni t r a t e  
i o n s  ( 2 ) .  N i t r i f i c a t i on i s  s t r i c t l y  a n  a e r ob i c  p r oc e s s; 
i t  d o e s  n o t  o c cu r wh en o xyg en i s  not p r e s ent ( 1 , 2 ) .  The · 
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e ne r gy d e r iv e d  f r om nit r ific a t ion is u t ilize d  by 
n it r ify ing bac t e r ia to a s s imilat e co2 ( 2 ) .  
Th e r ed u c t ion o f  n it r a t e  ( No3
- ) o r  n it r it e ( No 2
- > 
ions t o  n it r ou s  oxide ( N2o )  o r  mole c u l a r  n it r o g e n  ( N 2 ) is 
t e rme d  d e n it rific a t ion ( 1 , 2 , 1 0 , 1 8 , 2 7 ) . Nit r ou s  oxide o r  
mo l ec ula r n it r ogen may be  r e l e a s e d  bac k t o  t h e  a t mo s phe r e . 
Th is s o11 p r oc e s s  h a s  become a ma j o r envir onme n t a l  and 
e conornic a� c o n c e r n  wit hin t h e  l as t  deca de . 
Envir onmen t a l ly , d e n it rifica t ion has  bec ome a c onc e r n  du e 
t o  t he c hemic a l r e ac t ion o f  N 2o with s t r at osph e r ic o zone , 
poss ibly c au sing a wa r ming o f  t he ea r t h' s s u r f a c e  
t empe r a t u r e  o r  "g r e en h ou s e  e f fec t . "  An ot h e r e n v ir o nment a l  
p r ob lem e n c o un t e r ed f r om t h e  denit rific a t ion p r o ce s s es is 
t he r edu c t ion o f  s oil No 3
- t o  N0 2
- which is t o xic t o  man y 
l iving o r g an is ms ( 1 1 ) . Beca u s e  o f  t he r is in g  c o st s o f  
nit rogen ba s e d  fe r t il ize r s  and t h eir app l ic a t ion , e c onomic 
l oss e s  t o  t he a g r ic u l t u r a l  c ommunity d ue t o  
denit r ific a t ion h a v e  become a p r o b l em . I t  h a s  b e e n  
e s t ima t e d  t h at  0 t o  7 3  % o f  a l l  applie d  fe r t ilize r s  a r e  
l os t  e a c h  y e a r  bec a u s e o f  denit r ific a t ion p r oce s s e s  in t h e  
s oil ( 1 0 , 1 1 , 2 0 ) .  S inc e t h e  d e nit r if ic a t ion pr oc es s  in 
s oil s is t h e  s u b j ec t  o f  t his t h e s is , it is appr op r iat e t o  
r eview r ec e n t r e s e a r ch f inding s c on c e r ning t his t opic . 
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B. Den it r ific a t ion in soil sy s t e ms .  
Den i t r i f i ca ·t i on i s  a se c ond a ry ·r e sp i r at o r y  p r oces s 
p r e s en t  i n  a l im i t ed numbe r o f  bac t e r ia l  g en e r a  ( 8 , 1 1 , 2 9 ) . 
Mic r o o r gan i sms wi l l  u s e  n i t rogen oxides a s  t e r m i na l 
e lec t r on a c c ep t o r s  when o xygen i s  a b sent f r om t h ei r  
env i r on men t . M i c r obia l  r esp i r at ion pr oces s e s  us i ng 
oxygen o r  _n i t r og en o xide s  as  t er mi na l  e l ec t r on a c c ep t o r s  
a r e  c on s i de r ed t o  be s imi l a r _be c aus e bot h  pat hways us e 
n u me r o u s  c ommon e l ec t r on c a r r i e r s  ( 1 1 ) . Ene r gy is 
c on s e r ve d  d u r ing t h e  r educ t ion of n i t r ogen oxi d e s  by 
e lec t r on t r an s po r t  phosphory lation ( 8 , 1 1 ) . D e n i t r i fy ing 
bact e r i a  a r e a b l e  t o  g r ow in the pr e s en c e  o f  l imit e d  
amou nt s o f  mol ec u l a r  o xyge n  ( 0 2 ) wh i le r et a i ning t he 
abi l it y  t o  r ed u c e  No 3
- o r  N0 2 t o  N 2 and/o r N 2o .  Th e 
r edu c t ion o f  t he anion spe c i es t o  o n ly g a s e o us p r o du c t s  
( do m i n an t l y  N 2 and N 20 )  and the quant i ty of g a s  p r od u ced 
a r e c h a r ac ter i s i t i c s  t ha t  dist ingu i s h  den i t r if ic a t i on f r om 
o th e r  t yp e s  o f  mi c r ob i a l  N met abo l i s m  ( 1 1 ) . 
A w i d e  va riety o f  b ac t er i a l  g en e r a  h a ve been 
s hown t o  pos s e s s  t h e  n e ce s s a r y  me t a bo l i c  capa c i t ie s  t o  
d enit r ify , o f  t h es e g e ne r a , Pseud omonas an d Acal ige n e s  
a r e  con s i de r e d  t o  b e  p r edomi n an t  in s o il ( 7 , 1 1 , 2 9 ) . Th e 
a b i l it y  o f  m i c r o o r gan i sms t o  denit r i fy i s  c ons ider ed t o  be 
a s e t  of s ec ond a r y  met a bo l i c  func t ion s t h a t  a r e n o t o ft en 
neces s ar y  t o  t hei r s u r v i va l , b ut i s  usefu l wh en p r ope r 
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e n v i r onmen t a l  c ond i t ions a r e  enc ou nt e r ed ( 2 9} . 
Cond i t i on s  cons i d e r e d  t o  be neces s a r y  f o r  
d en i t r i f i c at ion t o  o c c u r  a r e : ( i } bact e r ia  w i t h  n e c e s s a r y  
met abo l i c  c apab i l i t i e s ; ( i i )  compounds t h a t  w i l l  a c t  a s  
s u i t ab l e  e le c t r on d ono r s , s u ch a s  o r gan i c  c c ompound s ,  
r edu c e d  S c ompo u nd s , o r  mo le c u l a r  hydr og en , H 2 ; ( i i i } 
r edu c e d  oxyg en a va i l ab i ty o r  ana e r ob i c c on d i t i on s; and 
(i v} appr op r i at e  n i t r og e n  oxi d e s  t o  act a s  t e r m i n a l 
e le c t r on a c c e p t o r s , i . e .  N0 3
-! N0 2
- , NO , o r  N 2o ( 1 1 ) .  
Th e p a t h way a s cr i bed t o  d en i t r i f i c a t ion f o l l ows : 
N0 3 - - -- > NOz - -- -> NO - - --> NzO �- -- > N2 
Th i s  s e r i e s o f  r ed uc t i v e  r e ac t i on s  i s  c on s i de r e d  t o  b e  
i r r e ve r s i b l e  ( 6 )  a n d  e a c h  s t ep o f  t h e  r e du c t i ve p r oc e s s  i s  
c a t a l y z e d  b y  a s e p a r a t e  e n z yme ( 1 1 , 2 9 ) . Wh e n  t h e  
atmosph e r e  i n  a m i c r oecosyst em becomes r ed u c ed , s ynt he s i s  
o f  t h e  n e c e s s a r y  r e d u c t as e en zyme s i s  i n d u c e d . 
D i ss im i l at o ry n i t r at e r e duc t as e  ( DNR )  i s  g en e r al ly 
r ep r e s s e d  i n  t h e  pr e s en c e  o f  oxygen and b e c omes 
d e r epr e s s e d  wh en oxy g e n  c onc en t r at i ons a r e d e c r e a s ed . I n  
fac t , i de a l e nv i r onment a l  c ond i t i on s  f o r  DNR synt h e s i s  t o  
occu r s e em t o  be "s emi a e rob i c" ( 1 1 ) . Wh en o xyge n  i s  
l i m i t ed , ae r o b i c  r e sp i r at i on can pr ov i de enough .ene r g y  fo r 
s ynt he s i s o f  p r o t e in s  r equ i r ed t o  r e duce n i t r a t e s . I t  
a l s o  h a s  be e n  s hown t h a t  anae r ob i os i s  a l one ca n s t i mu l a t ed 
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DNR synt he s i s , e ve n  when n i t r a t e  i s  absent . Bu t N0 3 i s  
u s ua l ly r equ i r ed f o r  o r  e nhances DNR syn t h es i s .  Muc h  l e s s 
i s  k n own abo u t  t h e  o t h e r  n i t r og e n  o x i d e  r e d uc t a s e  e n zymes 
i nvo lved in d e n i t r i f i c at ion . 
S e �e r a l  t e ch n i qu es mea s u r e  f lu x e s  o f  N2 a s  t he 
f i na l end p r od uc t  b u t  d i f f i c u l t y  a r i s e s  wh en t ry i n g  t o  
d i st ingu i s h  a tmosph e r i c N 2 f r om t h at
. d ue t o  
d en i t r i f i c at i on . N i t r o u s  oxi de h a s  g a i ne d  a c cept an ce a s  a 
mea s e a u r a b l e  i n t e rmed i a t e  o f  thi s pat hway b e c a u s e  o f  i t s  
l ow a t m osphe r i c  c onc en t r at i on ( 1 1 , 2 9 , 3 4 ) . Yos h i na r i  e t  
al . ( 4 7 )  a n d  Ba l de r s t o n  e t  a l . ( 3 ) det e r m i n e d  t h a t  
a cet y l en e  wou l d  b l oc k r e du ct i on o f  N 2o t o.N 2 i n  pu r e  
c u l t u r es o f  b a ct e r i a . T h e s e  f i nd i ng s  p r opos ed t he 
poss ib i l i t y  o f  u s i ng a ce ty lene t o  moni t o r  l eve l s  o f  N 2o 
p r o d uc t i on a s  a n  i nd i c at ion o f  den i t r i f i ca t i on r at e s i n  a 
par t i cu l a r  e c osys t em . N i t r i c  oxi de i s  not me a su r e d  
bec a u s e  i t  i s  a h i gh ly r eact ive mo lecu le w i th oxyg en and 
does not exi s t  long enoug h to p e r mi t a c c u r a t e  
quan t i f i ca t i on ( 2 9 , 3 8 ) . 
Th e ma j o r .e nv i r onrnen t a l  p a r a me t e r s  t ha t  i n f lue nce 
den i t r i f i c a t i on r at e s  in so i l s a r e  n i t r at e  and oxyg e n  
c onc ent r at ions , a n d  ca r b o n  ava i l ab i l i t y . G e n e r a l ly ,  as  t he 
l eve l o f  n i t r at e  i n c r e a s e s  i n  s o i ls , t he r a t e  o f  n i t r a t e  
r e du c t ion w i l l i n c r e as e  ( 4 , 11 , 22 , 3 4 , 4 0 ) . co n v e r se ly , a s  
t h e  l e ve l o f  o x yg e n  d ec r e as e s  i n  t h e  s o i l a tmos ph e r e  a n  
i nc r ea s e  i n  c on c en t r at i ons o f  N 2 and N2o i s  u s ua l l y  
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obs e r ve d  ( 4 , 1 3 , 2 3 , 3 4 ) . Ava i la b i l i t y o f  s u i t ab l e c a r bo n  
c ompo u n d s  i s  a l s o  a majo r f a c t o r  in f l ue nc i n g  
d en i t r i f i c a t i o n  r a t e s . A s  an i n c r ea s ed amount o f  c a r b on 
bec ome s ava i l ab l e  t o  t h e  mi c r obes , den i t r i f ic at i on r a t e s  
s ub s eq ue n t l y  i nc r e ase ( 1 1 , 2 1 , 2 3 , 2 4 , 2 9 , 3 0 , 4 4 ) . 
O th e r  e n v i r onment a l  a f f ec t s  on den i t r i f i c at i on 
r at e s  i n c l ud e pH , t empe r at u r e , s o i l s t r u c t u r e ,  and s o i l 
mo i s t u r e . I t  h a s  been d e t e rmined by a numbe r o f  
i nve s t i g a t o r s  t h at den i t r i f i ca t i on c an occ u r  i n  ext r eme 
low pH so i l s , b u t  i t  i s  g en e r a l ly at a l owe r r a t e  
( 1 3 , 2 1 , 2 7 ) . I t  h a s  b e en pos t u la t ed t h at den i t r i f i ca t i on 
act i v i t y o c c u r r i n g  a t  t he s e  l owe r pH r�nge s  may b e  d u e  t o  
t he a c t i v i t y o f  a f e w  mi c r ob i a l  spec i e s  wh i c h  a r e  a b le t o  
t o l e r a t e  l o w  pH 's o r  f r om a popu lat i on wi t h  "ne u t r a l  
g r owt h opt ima t h at f u n c t i on poor ly a t  l owe r pH 's" ( 1 1 ) . 
K le medt s s on , a s  c i t e d  i n  a r ev i ew by M . K .  Fi r e s t on e  ( 1 1 ) , 
g ave expe r imen t a l  e v i d ence s uppo r t i n g  t h is l as t  t h eo r y .  
I t  wa s demons t r at e d  t h a t  b y  r et u r ni ng a n  ac i d  p e a t  so i l  
b a c k  t o  n eut r a l i ty ,  a n  i nc r e a s e  i n  d en i t r i f i ca t i on 
act i v i t y wa s obs e rve d .  Th e opt i ma l  pH r an g e  f o r  t h i s  
p roc es s i n  s o i l s e ems . t o  b e  n e ar  neu t r a l i t y  ( l l , l 3 ) e  
Re l a t i ve l y h i gh tempe r a t u r e  opt i ma f o r  
d en i t r i f i c a t i on-we r e  r epo r t ed by e a r ly i nves t i ga t o r s .  
S in c e  t h i s  t i me , e f fe c t s o f  t empe r a t u r e  o n  r a t e s  o f  
d en i t r i f i c at i o n  h a ve b e e n  r e vi ewed , w i th a c ons e n s u s  t ha t  
t h e s e  e a r l i e r opt imum tempe r a t u res we r e  muc h  t o o  hi gh 
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( 1 9 , 4 3 ) . St an f o r d  e t  a l . ( 4 3 )  d e t e r mi ne d  t h at i n  a 
t emp e r at u r e  r ange of 1 5  to 3 5° c t h e  t empe r a t u r e  
c oe f f i c i en t  o f  d en i t r i f i ca t i on ,  o 1 0 , was a pp r oxi ma t e ly 
equa l t o  2 . Th e se s ame i nve s t i g a t or s ob se r ved 
d en i t r i f i �at i on r a t e s  t ha t  we r e  s imi l a r  f o r  3 5 ° a nd 4 5° c ,  
w i th an a b r u p t  d e c l i ne i n  r at e s  b e tween 1 0° a n d  5 ° c .  
Wat e r l ogged s o i l s  we r e  u se d  f o r  d et e rmin i n g  t e mp e r atur e 
e f f ec t s  and r e spect i ve d en i t r i f i c at i on r a t e s  s e eme d t o  
f o l l ow f i r s t - or d e r  k in et i c s . - K eeney e t  a l . ( 1 9 )  o bs e r ve d  
t hat r at es o f  d en i t r if i c a t ion i n c r e a s e d  a b o v e  1 5° c 
r e ac h i ng a n  opt imum r a t e  a t  6 0  t o  ·6 7° c .  Ry den ( 3 4 )  
obse r ved h ighe r r at e s  of den i t r i f i ca t i on i n  a gr as s l an d  
s i te when s o i l  t e r rnp e r a t u r es exc ee d e d  5 t o  8 ° c .  Wh en 
s o i l  t empe ra t u r e s  i n c r e a s ed f r om 5° C to 1 0° C ,  
d e n i t r i f i c at ion r a t e s  i nc r eased by a f ac t o r  of 8 . 5 .  
D u r i n g  a one wee k  pe r i od , s e ve r a l  f r ost s  o c c u r r e d  a n d  t h e  
r at e  o f  d e n i t r i f i c at i on i nc r ea s e d  i n  r espo n s e to l ow e r  
soi l t e mp e r at u r e s . 
K eeney e t  a l . ( 1 9 )  and Focht ( 1 3 )  s t ud ie d  t h e  
e f f ec t s o f  t e mp erat u r e  o n  t h e  d i s t r ib ut i on o f  g a s eou s 
p r o d u c t s  o f  d en i t r i f i c a t i on i n  s o i l s . N i t r o u s  oxi de 
c onc en t r at i o n s  r e la t i ve t o  N 2 c onc e n t r at i on s  d e c r e a s ed 
w i t h  t ime i n  all t empe r a t u r e s  u s ed i n  t h e  s t udy-by Kee ney 
et a l . ( 1 9 ) . Th e r a t e  at which N 2o per cent ages dec r e a s ed 
var i ed w i t h t h e  t empe r a t u r e . N i t rou s  oxi d e  r ema i ned 
l onge s t  a t  l owe r t empe r at u r e s and d i sappea r e d  mor e  qu i c k ly 
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a t  h i ghe r  t empe r at u r es . Fo c ht , u s in g  a z e r o - o r d e r  k i n e t ic 
mode l ,  d e t e r mi ne d  t h at the per cent age of N 2 o in r e la t i on 
t o  N 2 w a s  n o t  a f f e c t ed by t empe r at u r e  ( 1 3 ) . 
So i l  a i r - f i l le d  p o r o s i ty and/o r mo i s t u r e  e f f ec t s  
o n  n i t r ou s  oxi d e  e v ol ut i o n  du r i ng den i t r i f i c a t i on h a v e  
been i n v es t i ga t ed ( 1 3 , 2 1 , 3 4 ) . Let ey e t  a l . ( 2 2 ) u s ed 
r ed ox pot e n t i a l s  t o  e s t ima t e  a f fect s o f  oxygen o n  
d en i t r i f i c a t ion . Th es e t h r e e  parame t e r s  r e f l e c t  t he 
a va i l a b i l t iy o f  o 2 i n  s o i l  o� i t s  ab i l i t y  t o  d i f fu se 
t h r o ugh s o i l . Oxygen i s  k n own t o  h a v e  p r of o u nd e ff ec t s  on 
den i t r i f i c a t i on . Rat e s  of n i t r o u s  oxi d e  e vo l u t i o n  f r om 
t h i s s o i l p r oc e s s  gene r a l l y  i n c r e a s e  a s  so i l  mo i st u r e  
i n c r e as e s  b e c au s e  o f  l owe r e d  oxygen con c e n t r a t i o n s  
( 1 1 , 1 4 ) . Wh en a n  e nv i r onment i s  ana e r ob i c , 
den i t r i f i c a t i o n  w i l l  p r oc e e d  a t  a f as t e r  r a t e  t h a n  i n  
a e r ob i c  e n v i r onmen t s  ( 1 1 , 39 ) . As t h e  pe r c e n t a ge o f  
a i r - f i l l e d  po r e s  d e c r ea s e d  i n  s o i ls  used du r i ng t h e  
i nve s t i gat i on o f  L e t ey e t  a l . ( 2 3 ) , i n c r e a s e d  amou n t s o f  
N 2o we r e  d et ec t e d . Th i s  phenomenon wa s at t r i b ut ed by t h e  
i n ve s t i gat o r s  t o . oxygen be ing a b le t o  d i f f u s e mo r e  r ea dily 
int o s o i l at h i gh e r  s o i l po r os i t i es . I n  a l a t t e r  s t u d y  
c ond uc t e d  by Le t ey e t  a l . ( 2 2 ) ,  i t  w a s  d et e r mi ne d  
den i t r i f i c a t ion d i d  n ot o cc u r  a t  r edox p o t en t i a l s  o f  3 0 0 ,  
350 , o r  4 0 0  mv. Whe n  oxygen was not i nc l u d e d  i n  t he i r  
sys tems , t h e  r ed o x  p o t ent i a l  d e c r eased and s t ab i l i z e d  
a r o u nd 2 0 0  mv . I t  was a t  t h i s  redox pot en t i a l t h a t  
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d en i t r i f i c a t i o n , mea s u r e d  as  c on c en t r a t i on of N 2o ,  
occu r r ed . N2o wou ld i nc r e a s e  f o r  t h e  f i r s t  3 days and 
c eased 5 t o  7 d a ys a ft er i n i t i at i on o f  i nc ub a t i o n . Du r i ng 
a g r a s s l a n d  s t u d y  c on d uc t e d  by Ryden ( 3 4 ) , so i l  mo i s t u r e s  
g r ea t e r t han 2 0 % ( < 3 8% a i r -f i l l ed po ro s i ty )  e nha n c ed 
d en i t r i f i c a t i on p r oce s s e s . He conc l u ded t h a t  a n a e r ob i c  
m i c r os i t es d i d h a ve i mpor t ant a f fect s o n  N l os se s  d u e  t o  
den i t r i f i c a t i o n i n  t h e s e  par t i c u l a r  s t udy s i t e s . 
c. M ethods us ed to meas ure denitrif ication rates in 
s oil. 
S e ve r a l  m e t h o d s  h a ve been deve lope d f o r  e s t i ma t i ng 
d en i t r i f i c a t i on , bo t h  i n  l a bo r a t o r y  and f ie l d  a s s ays . 
I n d i r e c t  met hods o f  e s t i ma t i ng den i t r i f i ca t i on r at e s a r e  
mad e b y  c ompa r i n g  i nput s and ou tput s o f  N t o  a s o i l  c r op 
s ys t em ( 7 ) . I so t opi c l abe l l in g  t echn i ques h a v e  b e en 
emp loyed f o r  l a bo r at o r y  and f i e l d  quant i f i c a t i on s  o f  
d e n i t r i f i c a t i o n  r a t e s  ( 1 2 , 2 8 , 3 2 , 3 3 , 4 1 ) . F i e ld e s t imati ons 
o f  d e n i t r i f i c at i on r a t e s  have i n c lu ded t he use of a s o i l  
c h ambe r o r  c ov e r  t o  c apt u r e  N 2o o r  N2 d i f f u s in g f r om s o i l 
s u r f ac e s  ( 9 , 1 8 , 2 5 , 3 2 , 3 3 , 3 7 ) . D i f f us i n g  g a s e s  may be  
c apt u r e d  o n  s ome type of  ads o rben t ( 3 7 ) , c o l le c t ed u s i n g 
an  a i r  s amp l e  b o t t l e sys t em ( 2 4 ) , o r h ave d i f f u s i n g  ga ses 
pas s  d i r ec t ly in t o  an i n f r a r ed g a s  ana lyz e r  ( 9 ) .  co r e  
t ec h n i qu e s  h a v e  a l so b e e n  u s ed t o  e s t ima t e  d en i t r i f i c a t i on 
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r at e s  ( 2 8 , 4 5 ) . 
Yosh i n a r i e t  al . ( 4 7 )  a nd Ba lde r st on e t  al . ( 3 )  
n o t i c e d  t hat  c2H 2 w o u l d  c omp le t e ly i nh ib i t  t he r ed uc t i on 
of  N 2o t o  N 2 u si ng p u r e c u l t u r es o f  d e ni t r i fy i ng bac t e r i a . 
Ac e t y l e n e  ac t s  o n  t he N 2o r e du c t ase e n zyme i ts e l f  i n st e ad 
o f  t h e  e le c t r ori t r an spo r t  syst em to t h e en zyme . I t  d o es 
n o t  c ompe t e  w i t h  t h e  e l e c t r o n  don o r  fo r a c ommon s i t e on 
t he e n zyme ( 1 1 ) . Th e ac e t y l ene- i nh i b i t i on me t ho d  h as 
p r ove n  t o  be s e ns i t i ve t o  p r oduc t i on o f  gas e o u s  p r o d u c t s 
d u r i ng d en i t r i f i c at i on eve n  at l ow c on cent r a t i on s  o f  
n i t ra t e  ( 6 , 4 1 ) . A h i gh e r  concent r a t i o n  o f  a c e t y l en e  i s  
n eeded t o  g i ve i nh i b i t i on a t  l owe r n i t r a t e  c on c en t r at i on s 
t h an a t  h i gh e r n i t r at e  concen t r at ions ( 1 1 , 4 1 ) . Th e e as e  
o f  mea s u r i ng N 2o c on cen t r a t i on s  i n  t he a tmosph e r e  u s i n g  an 
e l ec t r on c ap t u r e  d e t ec t o r  equ ipped g as c h r omat og r aph h as 
g ive n an add e d  advant a g e  t o  t h i s  t e chn i que ( 6 , 1 1 , 3 5 , 4 1 ) .  
Th e amou nt o f  N20-N p r od uced i n  t he pr e s e n c e  o f  c2 H 2 i s  
equa l t o  N 2o-N and N2 - N p r od uced i n  t h e  ab s e n c e  o f  c2H2 
( 1 1 , 3 5 , 4 1 ) . Th e i n h i b i t ion o f  n i t r o us o xi de r ed u c t i on by 
a cetylene is c ons i d e r ed t o  be comp l e t e  and i r r eve r s i b l e  
when ac e ty lene i s  p r ov i d ed t o  a syst em ( 6 , 1 1 , 3 5 , 4 1 ) . 
H owe ve r , Yeoma n s  & Be a uc hamp ( 4 6 )  f o und c2H 2 i nh ib i t ion 
c ou l d  b e  r eve r se d  wh en p e r iods o f  i n cuba t i on g r e at e r  than 
1 6 8  hou r s  we r e  u s e d  . The r e f o r e ,  when do i n g  f i e l d as s ays 
o f  d en i t r i f i c at i on u s i ng an ac etyl en e  i nh i b i t i on 
p r oc e du r e , t h e  s o i l shou l d  b e  expos ed t o  ac e t yl e n e  fo r 
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o n ly s h o r t  p e r i o ds o f  t i me .  
Ch ambe r and c o r e  t ec h n iq u e s  h a ve b e e n  d e veloped 
wh i c h  u t i l i z e  a c e t y l en e to  a s say den i t r i f ic a t i on r a t e s  in  
s o i l , bo t h  i n  f i e l d  a n d  l abo r a t o ry s i t ua t i o�s . S o i l  
s l u r r i e s  a l s o  h a ve b e e n  u sed i n  l ab o r a t o r i e s  t o  d et e r mi n e  
d e n i t r i f i c a t i on r a t e s  ( 2 0 , 3 8 , 4 1 , 4 2 ) .  Th e m o s t  c ommon 
met hod f o r  e s t ima t i ng den i t r i f i c a t i on in s i t u u s e s  a s o i l 
cov e r  o r  ch ambe r .  Ac et ylene i s  p r ovi ded u s i n g  a s e r i e s  o f  
s upply p r ob e s  ( 3 5 , 3 6 , 3 9 )  o r  a.s i ng l e  p r o be ( 1 7 ) . Th e s e  
chambe r t ech n i qu e s  t r ap N 2o o n  Molec ular S i e ve SA a s  i t  
d i ff u s es f r om s o i l . I n t ac t  . s o il cor es , ob t a i n e d  f r om a 
f i e l d  p l ot a n d  t r ea t ed w i t h  acety lene i n. t h e  l a bo r a t o ry , 
als o  h a v e  be en u s e d  t o  q uant i t i fy d en i t r i f i c at i o n  r a t e s  
( 5 , 1 5 , 3 1 ) . I n  a co r e  t e c hn iq u e  emp l oyed by G r o f fma n ( 1 5 ) , 
h e aqspac e s amp le s  we r e  r emoved f r om r e ac t i on v e s s e ls and 
s t o r ed i n  g l a s s v i a l s  for l a t e r  a n a ly s i s  of N 2o c ont e n t . 
An a i r -t i g h t  s y r i n ge was u se d  t o  r emov e h e ad spac e s a mples 
f o r  g a s  ch r omat ogr aph i c  ana lys i s  i n  t he met h od u s e d  by · 
Bon r ud e t  a l . ( S ) .  
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I I I .  O BJE C T I VE S O F  T H I S  S T U D Y  
On ly r e cen t ly h a s  man become awa r e of t h e  
i mpor t an c e  o f  d e n i t r i f i c at ion i n  t he n i t rog e n  c y c l e  i n  
s oi l . Den i t r i f i c a t i on i s  r espons i b le for t h e  p r oduc t ion 
of �20 wh i c h  i s  d e t r iment a l  to t h e  ozone l ay e r  a n d  i t  a l s o 
c au s es a l os s  of N - f er t i l i z e r s  app l i ed by f a rme r s . 
Bec a u s e  of t hes e e c onom i c a l  a n d  env i r onment a l  c on cer n s  a 
bet t er  u nd e r st an d i ng of t h i s p r oces s i s  ne eded . 
Den i t r i f i c a t i on c a n  be as sayed i n  s oi l s  u s i ng a l abor i ou s  
cove r syst em wh i c h  i s  l i mi t ed to c e r ta i n  s i t es and 
t echn i ques t h a t  i nd i r ec t ly mea s u r e  t h e  pot en t i a l  of s oi l s  
t o  den i t r i fy . 
Re s e a r c h  was c on du ct ed t o  d evelop a n  a l t er na t e  
met hod t h a t  c ou l d  be u s e d  for f i el d es t ima t i on o f  
d en i t r i f i c a t i on r a t e s . Th is  me t hod wou ld p r ov i de 
r ep l i ca t i on n ee d ed for s t at i s t i ca l ly r e l i ab l e  a s s ays . 
Thi s  t echn i que s hou l d  ut i l i z e  i n t a c t  s oi l cores and the 
a cety len e i n h i b i t i on of n i t r ou s  oxi d e  r ed u c t i on t o  
molec u la r n i t r ogen . En v i r onment a l  par amet e r s  k nown to 
r egu la t e  den i t r i f i c a t i on , · i n c l ud in g  a c e t y l en e  
con c en t r at ions , i n cuba t i on t empe rat u re s , and a n  
app rop r i a t e  peri od of i n c ubat ion , wi l l  be i nves t i ga t ed 
u s i n g  t h i s  i nt ac t  s oi l  cor e  t echn i qu e . · Th i s  t echn i que 
w i l l  be u sed 
i n  a c ompa r i so n  w i t h  two exi s t ing f i e l d  t e ch n i qu e s  and i n  
a p r e l i mi na r y  s u r vey o f  den i t r i f i ca t i on r a t e s  i n  va r i ou s  
ag r i cu l t u r a l  p ra c t i c es a nd v eg e t at i o n . 
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I V. D EV E L O P M E N T  O F  AN I NTA C T  SO I L  COR E T E C H N I QUE 
FOR D E NI TR I FI CAT I O N  ASSAYS 
A. Introduction 
A t e ch n i qu e  wa� deve l oped to e s t imat e 
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den i t r i f i ca t i on r a t e s  f r om f i e l d s i t e s . Th i s  t ec h n iqu e 
p rov i d e s  a mea n s  o f  t a k i ng a h i g he r  numb e r  o f  r�p l i c at ions 
to i mp r ove s t at i s t i c a l  r e l i ab i l i ty o f  r esu lt s . S i n c e  
i nt a ct s o i l c o r e s  a r e  u s ed , a n  und i s t u rbed s o i l 
env i r on men t , o r  m i c r ohabi t a t , . i s  p r ov i ded wh i ch c a n  be 
a d eq u a t e ly a s s ay ed . I n t a c t  s o i l c o r e s  we r e  r emov ed u s i ng 
a s t a i n le s s  s t ee l p l un g e r -type soil cor e r . so i l  co r e s  
( 2 . 5 4 em , d i a . ) c o u l d  be t ak en at  a va r i e t y  o f  d ept h s  up 
to 1 4 . 2 em . 
Th e me t h od s e l ec ted u s ed d i spo s a b l e ,  5 0 c c p l as t i c  
s y r i n g e s  wi t h  t he i r  p lu ng e r s  r emo ved and r e p l a c e d  w i t h  
r ubbe r s t oppe r s .  Ru bbe r s t oppe r s  we r e  u s e d  i n  p la c e  o f  
s y r i n g e  p l u ng e r s  bec a u s e  when a t t empt i n g  t o  evacu a t e  
syr i ng e s  w i t h p l un g e r s  i nt act a n d  s o i l  co r e s i n  p l ace , t he 
p l u ng e r s  wou l d  pu s h  t h e  so i l  co r e s  i n t o  t h e  n e e d l e s  u s ed 
w i t h  the e va cu a t i o n  s y s t em . Th e n e e d l es wou l d  bec ome 
p l u gg e d  w i t h  s o i l a n d  p r oper evacu a t i o n  o f  the s y s t em was 
not a c h i e ved . Al s o , when e va c uat i ng t he syr i n g e s  t o  
r ep lac e t he i r  no r ma l  a tmosph e r e s  wi t h  a rg o n , a t i g h t  
vacuum was n ot k ep t  w i th t h o se syr inges t h at h a d  t h e i r  
p lu ng e r s i n  p l a c e , f u r t h e r  s u ppo r t i ng t h e  u s e  o f  r u bb e r  
s t opper s . R u b be r  s e r um s ept a ( 7  x 1 3  mm ) we r e  p laced o n. 
the n e ed l e  a ttachmen t s i tes to fac i l i t at e  h e ad spac e 
sampl i ng w i th a s y r i n g e  fo r g a s  c h r omatog r aph i c  ana lys i s  
and e vac u a ti on o f  th e r e ac ti on ves s e ls ' a tm osph e r e s .  
B .  a2o Qu antif ic ati on us ing gas chromatography . 
us e of N2o to e s timate fi e ld r ates of 
d en i tr i fi c at i on is b a s e d  on p r e l i m i n a r y  i n ve s t i g a t i ons 
c onducte d  by Ba l s e r s to n  et a l .· ( 3 ) and Yosh i n a r i e t  a l . 
{4 5 ) .  Sy r i n g e  h e a dspace s amp les we r e  a n a ly z ed for N2o 
c ontent u s in g  a va r i an M o d e l  3 7 0 0  Ga s Ch r oma to gr aph 
equ ipped w i th a 6 3 Ni e le ctr on captu r e  d e te c to r  s et at 
3 2 0° c .  Po r ap ak Q ( Supe lc o I n c . , Be l l font e ,  Pe n n . ) wa s 
u s ed a s  the c o lumn p ac k i ng and t h e  c o l umn temp e r at u r e  wa s 
7 5° c .  A g as flow r a te of 4 0  m l  m i n- 1 a n d  an i n j e c ti on 
temp e r atur e of 1 0 0 ° c we r e  u s ed . S epar ated p e a k s  we r e  
d e te c ted u s i ng a Sa r ge n t-We l c h  Model SRG r ec o r de r . 
D i l utions of s tan da r d  n i t r o u s  oxi de was i n j e c te d  i n to th e 
g a s  c h romato g r ap h  t o  fac i l itate p r op e r  l oc ation of n i t r o us 
oxide p e a k s  and to e s tab l i sh N2o s tand a r d  c o n c e n tr at i on· 
c u r ves . 
c. Calculations for denitrif ication rates (Kg N ha-l 
day -l} from N2o pro duc t i on . 
Amount of d e n i tr i fi cat ion o c cu r r i n g  at a g i v e n  
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fi e l d  s i te was e st i mated on an a r e a  bas i s  by c on ve r ti n g  
the N2o m e a s u r ed to Kg mo l e c u l a r N h a
- 1 d a y- 1 . 
Ca l c u l a tions ·u s e d  to dete r mi n e  den i tr i fi ca ti on r ates a r e  
s ho wn b e l ow . 
: 
1. C alculations for determining mL of air/s y rin ge 
A .  % M o i s tu r e  = ( wet wt - d r y  wt I d r y wt ) * 1 0 0  
B .  Bu l k  Dens i ty = H I 5 0 . 6 4 
( Th e  va l ue 5 0 . 6 4  i s  equa l to the v o l ume (cm 3 ) 
two s o i l  c o r es i nc l uded i n  e ac h  s yr i ng e . )  
c . % H2o b y  v o l ume = ( %  moi stu r e ) ( b u l k  d e ns i ty )  
D. P o r o s i ty = 1 0 0  - ( bu l k den s i tyl2 . 6 5 )  * 1 0 0  
( Th e  va l u e  of 2 . 6 5 co r r esponds to a n  a v e r a g e  
s o i l  pa r t i c le den s i ty fo r Br o ok i n gs county , 
So uth Dak ota . ) 
E .  % A i r - fi l l ed v o l ume = P o r o s i ty - C 
F .  A i r -fi l l e d  po r e s  i n  s o i l = 5 0 . 6 4 * ( Eil OO ) 
G .  mL Ai r p e r  s yr in g e  = ( 7 0 - 5 0 . 6 4 ) + F 
( Th e  v a l u e  of 7 0  i s  equa l to th e to ta l vo l ume 
o f  a s yr i ng e  i n  mL . )  
2. Determination of denitrif ication rates : 
H .  We t wt . ( gm )  = we t wt . of s o i l  - s yr i n g e  wt . 
( An �ve r ag e  s yr i ng e  we ight of.l 2 . 5  g m  was 
u s ed . ) 
I .  D r y  wt . ( g m )  = d r y  wt . of s o i l  - s yr i n ge wt . 
J .  mL N2o s a rnp l e
- 1  = i n j ecti on ppm 11 0 6 
K . rnL N2o s a rnp l e
- 1  day- 1  = ( H ) ( i n j .  s i ze ) ( G ) 
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L .  amount o f  d i ss o l ved N 20 = 0 . 6 7 6  * [ K ( ( H/ I ) /G ) ]  
( An equati on f r om M o r ag h an , J .  T .  ·a n d  R .  Bu r esh , 
19 7 7 . ( 2 6 )  ) 
M .  mL N 20 s ampl e
- ! day- 1 p l us d i s s . N 20 = K + L 
N .  rnL N 20 h a
- 1 day- l  = [M/ 2/ ( 4 . 5 2 * 1 o- 4 > 1 
( 4 . 5 2 * l o- 4  c or r e sponds to the a r ea o f  a c o r e  
i n  m 2 • ) 
o. m o l e s  N 2 o h a
- 1 d ay- l  = ( N  * 1 0 4 ) / 2 4 5 6 0  
( Th e  v a l u e  o f  2 4 5 6 0  i s  mL o f  a i r i n  1 L . ) 
P .  Kg N 2 h a
- l d ay- l = 0 * 0 . 0 2 8 
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( Th e  v a l ue o f  0 . 0 2 8 wa s u s ed a s  the mo la r a mount 
o f  N i n  N 20 . ) 
D .  E s tablishment of an air-tight s y s tem. 
To e n su r e  th i s  samp l i ng sys tem wa s a i r -ti g h t  and 
N 2 o wa s n o t  b e i n g  e v o l uted by th e p l a s ti c  u s ed i n  
manu factu r i n g  o f  the syr i n g e s , a s e r i e s  o f  e xp e r iments 
we r e  pe r fo r med . Th r e e  s e ts of s i x  r ep l i cates we r e  s e t  .UP 
as f o l l ows : ( i ) s y r i ng es tha t  c onta i ne d  a i r o n ly and had 
th e p l ung e r  i ntac t; ( i i )  tho s e  th at c onta i n e d  a i r  p l u s  one 
mL o f  N 2o ,  w i th the p l un g e r  i n  p lace;  a n d  ( i i i ) s y r i n g es 
w i th p lung e r s  r ep l a c ed by r ubber s topp e r s a n d  w i th one mL 
of N 2o added . �11 s yr i n g e s  we r e  i nc ub ated u nd e r  wate r to 
e nab le detec t i on o f  p o s s i b l e  a i r  lea k s . Rubbe r s e rum 
s epta we r e  i n  p l a c e  fo r a l l  syr i nge s . H e a d s p a c e  samp l e s  
o f  al l th r ee g r oups we r e  r emoved u s i ng an a i r -ti g h t  
syr i ng e  ( H ami l t o n  co . ,  Reno , N V )  for  gas c h r omat ogr aph i c  
ana lys i s . 
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Re ad i n g s  t ak en at a l l  t h r e e  t i me s  s howe d  t he 
amo u n t  o f  N 2o d i d  i n c r e a se i n  t ho s e  syr i ng es t h a t  h a d  N 20 
adde d  ( T ab l e  I V- D ) .  Th i s  i nc r ea s e  may h a v e  b e en d ue t o  
t h e  e s t ab l i sh me n t o f  equ i l i b r i a  w i t h i n  t h e  syr i ng e s . Th e 
G r oup 1 s yr i ng e s , wh i c h  c ont a i ne d  o n ly a i r , d i d  n o t  
deve lop N 2o p e ak s  l e ad ing t o  t h e  con c l us i on t h at t he 
p l as t i c  d i d  n o t  p r od uc e  N 2o . . wa t e r  ac cumu la t i on was not 
obse r ved in a ny s yr i ng es d u r i n g  i ncuba t i on , t h e r e f o r e t h e  
syr i n g e s  we r e  d et e r m i n e d  t o  be  a i r -t i gh t . 
E .  S election of argon as th e incubation atmos phere. 
A r g o n  was c ho s e n  a s  t h e  i nc ubat i o n  a tmosphe r e  
f o l l ow i n g  s t ud i e s  c ompa r in g  a r gon a n d  t h e  n o rma l 
a tmosph e r e  w i t h  a c e tylene a dded . Two g r o ups of s y r i nges 
c on s i s t i ng o f  n i ne r ep l i ca t i on s  each we r e  u s ed fo r t h i s  
i nv�s t i g a t i on . G r oup on e s yr i n g e s  cont ai n e d  n o r ma l  air 
atmosp h e r e s , w i t h  t h r e e  r e p l i c at i on s  hav i n g  no c 2H 2 a dded 
and t he r ema i n i n g  s i x h a d  c2H 2 a dded t o  g i ve a 5 %  
c on c e n t r at i o n  o f  t he t ot al vol ume . Gr oup t wo wa s d i v i de d  
i n  the  s ame mann e r b u t  h a d  a r gon as t he i r  a tmos ph e r e s . 
Ar gon wa s e s t a b l i s he d  as  syr i n g e  atmos ph e r es by. e vac ua t i ng 
t h e  syr inge s a n d  r e p l a c i n g  t h e i r a tmosph e r e s  wi t h  a r g on. 
Th i s  p r ocedu r e  was r epea t ed f i ve t imes to e s t a b l i s h  an 
TABLE IV-D: Re sult s  from experimentat ion to de t ermine i f  
syringe sys tem was a ir- t ight . Each value repre sents a 
mean of s ix replicat ions . 
N2o Peaks (em) 
TREATMENT INITIAL 24 h 
Air with plungers -0- ..;.o-
Air plus N20 with 
plungers 1 8 . 6 ± 6 . 1 12 . 7  ± 1 0 . 8  
Air plus N2o with 1 5 . 3 ± 6 . 7 8 . 8 ± 7 . 7 s topper s  
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a na e r ob i c  e n v i r onmen t . 
D e n i t r i f i ca t i on was only obse r ved when a r gon wa s 
u s e d  as  t h e  i nc ub a t i o n  a tmosphe r e . No d e n i t r i f i c at i on wa s 
obs e r ve d  i n  s y r i ng es c on t a i ni n g  a i r  atmosp h e r e s  ( T a b l e  
I V- E ) .  I nt e r pe t a t i o n  o f  t h e s e  r e s u l t s  i n d i c a t ed a r gon wa s 
t he a t m osph e r e  o f  c h o i ce f o r  i nc ubat i on . Th e 
den i t r i f i c a t i o n  obs e r ve d  i n  syr i nge s h av i ng a rgon 
a tm osp h e r e s  r e f l e c t e d  t h e  e s t a b l i s hmen t o f  ana e r ob i c  
c ond i t i on s . Argon wa s u s e d  a s  t h e  incuba t i o n  a t mos ph e r e 
f or a l l  s u bs eq u e n t  s t u d i es . 
F .  Determination of the cor rect c2a2 concentration. 
Acety l e n e  c o n c e n t r a t i on s  o f  o, 0 . 1 , 1 . 0 ,  5 . 0 , an d 
1 0 . 0 % ( 0 ,  0 . 0 7 ,  0 . 7 ,  3 . 5 ,  and 7 . 0  ml  c 2H 2 , r es pe c t i v e l y ) 
o f  t ot al syr inge vol ume s  we r e  u s ed t o  e s t a b l i s h  t h e  
opt i mum c 2 H 2 c on cent r a t i on . Expe r imen t s  we r e  c ond uc t e d  
twi c e , e a c h  u s i n g  s i x  r ep l i c at ions . Re s ul t s  i nd i c at ed 
t hat  5 %  c 2 H 2 c on c en t r a t i on was opt ima l  f o r  d en i t r ifi c�t i on 
r at e s  u s i n g  t h i s t ec h n iq u e  ( F ig .  IV-F ) .  Th i s  
c on cen t r a t i o n  was u s e d  i n  a l l  f o l lowi ng expe r im e n t s .  
G. Determination of incubation times . 
Th r ee s e t s  o f  s y r i nge s , s i x  r ep l i c a t i on$ each , 
we r e  u s e d  t o  d et e r mi ne the c o r r ec t  t ime o f  s amp l ing f o r  
N2 0 p r od uc t i on .  S e t  one w a s  s amp led at  0 ,  6 ,  12 , 2 0 ,  and 
TABLE I V-E: ·compari son o f  argon versus air for inc ubat ion 
atmosphere . Each value repre sent s a mean o f  5 rep licat ions . 
TREATMENT 
ARGON 
No c2H2 added 
C2H2 added 
AIR 
No c2H2 added 
c2H2 added 
DENITRIFICATION RATES 
(Kg N ha-l day- 1 )  
-0-
2. 1 3 ± 0.76 
-0-
-0-






�� o. 06 
� z ttl 
0"'0 H 
E-1 ...... 
<I u ttl H..C 
� HZ 
� E-1 bO 
H � 0. 03  z-� 
A 
0 I r t;'\�"\..'\2\l 1\"0.)'\'\ "J ""� 1\�'\'\:\1 I 
0% 0.1% 1.0% 5.0% 10.0% 
ACETYLENE CONCENTRATIONS 
FIGURE IV-F: Denitrificat ion rates ob tained us ing d i f fe r ing 
concentrat ions of ace tylene . Each value is a mean of two replicat ions . 
26 
2 6 h .  s e t  two syr i n g e s  we r e  s ampl ed a t  2 , 8 ,  1 4 , 1 6 , 2 2 , 
and 2 8 h .  La s t ly ,  s e t  t h r e e  wa s samp led at  4 ,  1 0 , 1 8 ,  2 4 ,  
a nd 3 2  h. A f t e r  r emov i n g  a h eadspac e s a mp le f rom a 
syr i n g e  an equ a l  amoun t of a r gon wa s r e p l a c e d  i n t o  t h e  
s yr i nge t o  p r e ve nt t he c r e a t i on o f  a vac uum . Re s u l t s ,  
s hown i n  Fi g .  I V- G ,  r e ve a l  opt imum r at es of N2o p r od u c t i o.n 
occu r r i n g  b e t ween 1 4  t o  1 6  h .  I n  a l l  s u c c ee d i ng 
expe r i men t s  h e a ds pa c e  samp l e s  we r e  r emov e d  a t  1 6  h 
f o l l ow i n g  t h e  ons e t  o f  i nc ub at ion . 
H. Temperature s tudy. 
An i nc ub at i o n  t empe r at u r e  s t udy wa s c ond u c t e d  on 
two s ep a r a t e  occa s ion s  to det e r m i n e  the opt imum 
t empe r at u r e  for  N 2o p r od u c t i on . Tempe r a t u r e s  of  o,  7 ,  1 2 ,  
2 0 ,  2 5 ,  3 0 , 3 7 , 4 5 , and 6 0 ° c we r e  u s e d . H i gh e s t  r a t e s  of  
den i t r i f i c a t i on we r e  obs e r ve d  a t  3 7° c ( Fi g . I V-H ) . Wh e n  
pe r fo r mi ng f i e ld a s s ays f o r  d e n i t r i f i cat i on , f i e ld 
t empe r a t u r e s  we r e  u s e d  as  o u r  i nc ubat ion t e mp e r at ure s . 
Th es e t empe r at u r es we r e  u s ed i n  o r de r t hat  den i t r i f i ca t ion 
r at e s  o bt a i ne d  u s i ng t h i s  t e c h n ique wou l d  r e f l e c t f i e l d  
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FIGURE IV-G: Ef f e c t  of incubat ion period on rates of deni t r i f ication. 
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Each value is a mean of two determinat ions. 
I .  summary 
· I n  t he d e v e l opment o f  t he i nt a c t  s o i l c o r e  
t ec h n iqu e f o r  d en i t r i f i c a t i on mea su r ement s , s e ve r a l  
e n v i r onmen t a l  f a c t o r s  i n f l u e nc i n g  d en i t r i f i c a t i o n  r a t e s  
we r e  t e s t e d  a n d  t h e  r e su l t s  quant i f i ed . Th i s  b a c k gr ound 
i nfo rmat ion i s  s umma r i ze d  i n  p r e ce ed i ng s e ct i ons�. 
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Expe r iment a t i o n  r evea led t h e  sy r i nge s y s t em was 
a i r - t i gh t  a nd d i d  not p r od u ce t o x i c  s i de e f f ec t s , t h e r eby 
i n d i c at i n g  i t s  s u i t ab i l i t y  for me as u r i n g  deni t r i f i c at i o n  
r at e s  i n  a f ie ld s i t uat i on . I t  wa s f u r th e r  d e t e r mi ned a 
5 %  c 2H 2 w o u l d  p r ov i d e  c omp le t e  inh i b i t ion o f  N 2 o r ed uc t i on 
u s i n g  t h i s t ec hn iq u e , t h e r e for e a 5 % c 2H2 a tm o s ph e r e 
s hou l d  be  emp l oy e d  i n  f ut u r e  a s s ays . I n cuba t i on pe r i o ds 
of 1 6  to 22 h r s  we r e  s u f f i c i e n t  for a c cu r at e  
q u an t i f i ca t i on o f  d e n i t r i f i c a t i on r a t e s . A f t e r  
compa r i so n s  we r e  mad e  u s i ng a r gon and a i r a tmos ph e r es , 
a r gon was s e l e c t ed a s  t h e  i n cubat i on a tmos ph e r e  f o r  t h i s 
sys t em . Opt i mum den i t r i f i ca t i o n  r a t e s  we r e  o bt a i ne d  at  a 
t empe r a t u r e  o f  3 7° c ,  b u t  s o i l  t empe r a t u r e  s ho u l d  u s ed f o r  
i ncuba t i on t o  k e ep c on d i t i on s  as c lose a s  poss i b le t o  
t h o s e  f oun d i n  t h e  no rma l  hab i t a t . 
v. comparative S tudy of Thr e e  M et ho ds for 
F ield Es timation of D enitrif ication. 
Th i s  s ec t i o n  i s  compr is e d  o f  a manu s c r ip t  wh i c h i s  
b e i n g  s u bm i t te d  t o  t h e  m i c r o b i o l ogy j ou r na l  Applied and 
Environmental M icro bio logy . Th i s  s e c t i o n comp a r e s t he 
new ly deve l op e d  i n t ac t  so i l  c o r e  t e c h n i q u e  t o  two ot h e r  
me t hods c ommon ly u se d  f o r  f i e l d  me asur ement s o f  
den i t r i f i c a t i on r at es . 
N o t e :  L i t e r a t u r e  c i t ed i n  t h i s man us c r ip t  i s  
i nc l u d e d  a t  t h e  e n d  o f  t h i s  s ec t i on . 
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compar at i v e  St udy of  Th r ee Met ho ds f or F i e ld . 
Es t i ma t i on o f  De ni t r i f ica t ion . Pawe l a  A .  Bon r u d , 
Br i an R .  H i l t o n , a nd Rob e r t  L .  Tod d . Depa r t me nt s o f  
M icr o b i o l og y  an d P l an t  Sci ence , So u t h  Da kot a St a t e  
·un i v e r s i ty , Br ook i ng s ,  S D  57007. 
Accurate meas urements are required to ass es s 
denitrif ication as a s oil ecosystem proces s. 
Denitrif ication rates f rom s oils with varying 
mois ture le ve l s ( 17-27%) were quantif ied using three 
techniques : 1) one employing s oil covers, 2) one 
us ing s oil cores , and 3) a -s lurry method. E ach 
method us ed acetylene to inhibit nitrous oxide (N2o) 
reduction to dinitrogen (N2). M ean values of N2o 
production (Kg N- 1 ha-l day l-) and s tandard 
deviations for th·e respective techniques were: 1) 
covers = 0 . 45 ± 0.38, 2) cores = 0.41 ± 0.30, and 3) 
s lurries = 1.22 + 0.38. Highest obs erved rates were 
obtained when using the s lurry method, which in 
reality is a measure of the potential of s oil to 
denitrif y. A s ignif icant positive correlation 
between the s oil core method and cover method 
s uggests thes e two techniques may be us ed 
interchangeably in field ass ays . soil moisture 
content was po�itively correlated to .denitrif ication 
rates obtained when using the cover (r = 0.75) and 
core (r = 0.45) methods . 
--------------------------------------------
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va r io u s  met hods u s i ng ace tylene t o  inh i b i t  N 2o 
r edu c t i o n  h a ve b e e n  e mp l oyed f o r  f i e ld e s t ima t i ons o f  
d en i t r i f i c a t i o n r at es . Debat e ex i s t s  a s  t o  w h i c h  
t echn i q u e  i s  mos t a c cu r a t e  f o r  f i e ld a s s ays ( 1 , 7 ) . Th r e e  
met hods mos t o ft en u s e d  t o  me as u r e  den i t r i f i c a t i on r a t e s  
u se a c etylene t o  i nh ib i t  N 2o r ed uc t i on . I n  t h e  f i r s t  
t ec h n i que ( 1 , 3 , 8 , 10 )  a cover  is p l ac e d  ove r t h e  so il and 
a ce tylene , added be l ow t h e  so i l  s u r face , is a l l owe d t o  
d i f f u s e  t h r o u g h  t he s o i l . N i t r o u s  o x i de d i f fu s i ng f r om 
t h e  s o i l  su r f ac e  i s  t he n  t r apped on a s e lec t i v e  a d s o r be n t  
f r om wh i ch i t  i s  l at e r  r emoved f o r  gas  c h r omat og raph i c  
ana lys i s . I n  t h e  s o i l  c o r e  met hod ( 1 , 5 , 6 , 11 ) , s o i l  co r e s 
a r e  r e mo ve d , p la c e d  i nt o  c on t a i ne r s  o f  k nown v o l ume and 
ac etylen e is  adde d t o  a d e s i r e d con c e n t r a t i on . Aft e r  a 
pe r i od o f  i n cu ba t i on , a s a mp le o f  t h e  atmosp h e r e  i s  
r emo ve d t o  d e t e r mi n e  N2o con t e n t  u s i ng gas c hr omat ogr aph y . 
I n  t he t h i r d  met hod , a s lu r r y o f  s o i l ( 4 , 9 ) i s  p r epa r e d  by 
mixing a quan t i t y of wat e r  ( o r n i t r at e  s o l u t i o n ) wi t h  s o i l  
wh i c h  i s  c on t a i n ed i n  a g a s -t i gh t  v e s s e l . Af t e r  add i t i on 
o f  a c e t y l e n e  and app r opr i at e  i n c u ba t i on ,  a samp l e  o f  t h e  
g as a tmosp h e r e  i s  r emoved a n d  ana lyzed f o r  N 2o .  
The p u r po se o f  t h i s s t udy was t o  c ompa r e  t ech n i ques 
f o r  mea s u r i ng den i t r i f i c a t i o n  r at e s and t o  d e t e r m i n e  wh i c h  
t ec h n ique wou l d  be  mos t app r op r i at e  i n  a f i e ld a s s ay o f  
d en i t r i f i c a t i on r at e s und e r  a par t i c u l ar  s e t  o f  
c ond i t ions . D e n i t r i f i c a t i on r at es det e r mi ne d  f o r  e a ch 
met h od we r e  c ompa r e d  ov e r  a var i et y  o f  s o i l mo i s t u r e  
c on t en t s . 
MATER IALS AND ME THODS 
st udy si t e  Th i s  i n ve s t i g at ion wa s u n de r t a k en d ur i n g  
Augu st  198 4 . A f i e l d  o f  Vi e nn a  s i l t l oam ( f i ne - l o amy , 
m i x e d , me s i c , U d i c  Hap l ob o r o l l ) l oc a t e d  on t he s o ut h 
Da k o t a  s t a t e  Un i ve r s i t y  ( SDSU ) P l an t  Sc i en c e  Fa r m  wa s 
s e l e c t ed f o r  s t u dy . Th e s i t e was l e ft fa l l ow d u r i n g  t h e  
198 4 g r ow i ng s ea so n  a n d  d u r i ng 198 3 s oyb ea n s  we r e  g r own . 
Res i d u a l  s o i l n i t r a t e  l e v e l s  at  t h e  t ime o f  t h i s  s t udy 
we r e  6 8  Kg N/h a to a dep t h  of 6 0  em . 
Ass ay Me thods 
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COVERS Th e c o ve r  t ech n i qu e  used i n  th i s  s t u dy was a 
mod i fi c a t i on o f  t h at d ev e l oped by Ryden et a l . ( 1 0 )  wh ich 
u s ed a s i n g l e  a c etyl ene <c 2a2 ) s upply p r obe to i n t r o d u ce 
c 2a2 i nt o  t he s o i l  t o  i nh i b i t n i t r o u s  ox ide r e du c t i on 
bene a t h  a c y l ind r i ca l  s o i l  -c o v e r  ( 3 ) . cove r s we r e  1 2 ern 
h i g h  a n d  3 0  em i n  d i amet e r  wi t h  a 7 em by 1 2  em deep pipe 
we l d ed i n t o  t he -c e nt e r  to p r ov i d e  a h o l l ow c or e . Th i s  
cent e r  a r e a  w a s  e x c l ud e d  fr om s amp l in g . Th i s  g a v e  a t ot a l  
s amp l i ng a r e a  of 0 . 11 m2 . cove r s  we r e  c on s t r u c t ed o f  1 8  
gauge g a lvan i z ed s t e e l  and pa i nt ed wh i te t o  r ed u c e  h ea t  
abso rpt i on a n d  r e f le c t  r ad i a t i on . They we r e  i ns e r t e d  10 
em i n t o  t h e  g r o u n d  l e a v i n g  a 2 em a t mosph e r e  a b o v e  t h e  
s o i l . 
Ac etylene ( 0 . 6 L/h r ) wa s s upp l i ed by a s i ng l e  p r o be 
i ns e r t e d  t h r o u g h  t h e  h o l l ow a r e a  i n  t h e  c ov e r s .  Th i s  f l ow 
r at e  ma i nt a i ne d  c 2 H 2 c on c ent r at i on s  o f  0 . 1  t o  1 0  % .  A 3 0  
em s o i l c o r e w i t h  a 2 em d i ame t e r  wa s r e mo ve d  t o  
fac i l i t at e_p r obe i n s e r t i on . Th e spa r g e  p r obe , i n s e r t ed 30 
em i nt o t he s o i l , wa s c ons t r u�ted o f  p la st i c  t ub i n g  ( 0 . 6 4 
em , d i amet e r ) w i t h  s eve r a l  h o l e s  c u t  3 em f r om t h e  end . 
So i l  was pac k e d  g e nt ly a r o und t h e  t o p  o f  t he p r o be t o  
dec r e a s e  c 2H 2 l o ss . A c e ty l ene w a s  spa r g ed i n t o  t h e  s o i l  
f o r  7 0  t o  9 0  m i n u t es , a ft e r  wh i c h  t i me t he f lo w  wa s s h u t  
o f f  t o  a l l e v i a t e  a ny b u i ld up o f  c 2H 2 i n  t he s o i l .  Th e 
c ove r s  we r e  l e ft i n  p l ac e  f o r  an a d d i t i ona l 3 0  m in u t es 
b e f o r e  samp l i ng c omme nc e d . 
Wh i le s amp l i n g , t h e  a tmosph e r e  was c ont i n u o u s ly swept 
w i t h  a i r u s i n g  a sma l l  vacuum pump ( Gas t ,  mod e l n o . 
0 3 3-12 7 - 14 9) . Two 0 . 6 4 em d i ame t e r ope n i ng s  we r e  p lace d on 
oppos i t e  s i d e s  o f  t h e  c ov e r  fo r ent ry and ex i t  o f  t h e  a i r . 
I n  t h e  a i r  l i n e  e x i t i n g  f r om t h e  c over  wer e t w� w a te r 
t r ap s ( D r i er i t e )  a nd a co 2 t r ap ( NaOH and As ca r i t e ) i n  
s e r i e s b e f o r e t he N 2o t r ap ( Mo le c u l a r  S i eve 5A ) .  T r ap s  
f o r  w a t e r  a n d  co 2 r e mova l we r e  con s t uc t e d  o f  2 0 a n d  1 4  em 
l eng t h s  o f  c le a r  a c r yl i c p la s t ic  t ub in g  (3 . 5  em I . D . ) and 
s ea led wi t h  r ubbe r s t oppe r s . Th e s e c ond wa t e r  t r ap was 
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made of t he s a me typ e  of t ub in g  w i th a 2 em i nne r d i ame t e r 
and s ea l e d  w i t h  r ubbe r  s t oppe r s . Twe n ty th r e e  g r ams o f  SA 
mol e cu l a r  s i eve ( 8 - 1 2 me sh ) we r e  p lace d i n t o  e a c h  o f  two 
bot t l es as  a t r a p  f o r  N 2o .  A 1 0  em by 1 mm ( I . D . ) 
f lex i b l e  p la s t i c  t ub e  wa s c onn e c t e d  t o  t he vac u u m  l i ne and 
e x t ended t o  t h e  b ot t om of the bot t l es . Th e b ot t om o f  t h e  
t ube was m e l t e d  s h ut and 1 0  open i ngs we r e  c u t  w i t h i n  5 em 
of the bo t t om . Th i s  g a v e  an e f fect  s im i l a r  t o  g a s  wa s h i ng 
bo t t l e s  a n d  e n s u r e d  g ood c on t a c t  betwe en t h e  mo l e c u l a r  
s i e v e  a n d  a i r . 
To r emove a d so r be d  N 2o f r om mo l e c u l a r  s i e ve t he 
fo l l ow i n g  p r oc ed u r e was u s ed . M o lec u l a r  s i e ve was r emov ed 
f r om t h e  samp l i ng b ot t t l e s  and put  i n t o  5 0 0  rnL s u c t i o n  
f las k s . Th e t op o f  t h e  f l as k s  we r e  s t oppe r e d  a n d  1 0  ern 
l en g t h s  o f  p r e s s u r e  t ub ing we r e  f i t t ed on  t h e  s u c t i o n  
f las k s  t o  e nab l e  a t t ac hmen t t o  v a r i o us appa r at us e s . T h e  
f l a s k s  we r e  e v a c u a t e d  a n d  6 0  m L  o f  wat e r  wa s r un i n t o  t h e  
f las k s  f r om a b u r e t t e .  Th e  t u bing was c lamp ed a n d  f la s k  
c on t e n t s  we r e  a l l owed t o  equ i l i b r at e  f o r  5 - 1 0  h o u r s . A 
s t oppe r type s ept u m  was i n s e r t ed i n t o  t h e  e n d  o f  t he 
t ub i n g  and t h e  c l amp wa s r e l e a s e d  a ft e r  equ i l i b r a t i on . 
Equ i l i br at i o n  t o  a tmosph e r i c  p r e s s u r e wa s a c h i eved by 
bac k - f i l l i n g  t h e  f l as k s  w i t h  a r gon . Headsp a c e  s a mp l e s  for  
g as c h r oma t o g r aph i c  a n a lys i s  we r e  r e mo v e d  u s i n g  .a syr i ng e . 
CORE S  F o r  t he c o r e  samp l i ng t ec hn iq ue , a s t a i n l es s  
s t ee l s o i l  c o r e r  ( 1 2 ) w a s  u s ed f o r  s o i l s a mp l i ng .  Tw o 
s o i l  c or e s ( 2 . 5 4 e m  x 5 em , e a ch ) we r e  p lace d i n t o  a 5 0  cc  
d i s po s a b l e  p l as t i c  s y r i nge f i t t e d w i t h a r ubb e r  s ep t um ( 7  
x 13  mm ) on  t h e  n e ed l e  a t t ac hmen t s i t e  t o  f a c i l i t a t e  
s amp l i n g  o f  t h e  s y r i n g e  a tmosphe r e . Th e p l ung e r  wa s 
r emo ved a n d  r ep l a c ed w i t h a r u bbe r s t oppe r . At mos ph e r es 
w i t h i n  t h e  syr i ng e s  we r e  evac u a t ed and repl aced f i v e t i me s 
w i t h  a r g on t o  e n s u r e  a na e r ob i c  c ond i t i on s . Ac e t y l ene wa s 
a dded t o  t h e  s a mp l e s  t o  g i ve a f i n a l  concen t r at i on o f  5 %.  
Th e s y r i ng es we r e  i n cu b a t e d  a t  f i e ld t empe r a t u r e  for 2 4 h .  
Aft e r  i n c ubat i on , s a mp l e s  o f  g a s  we r e  r emov e d  fo r g a s  
c h r o ma t og r ap h i c  a n a l y s i s  f o r  N2o .  Bac kg r o un d  p r od u c t i on 
of  N 2o was q uant i f i e d  a s  a pa r t  o f  each a$ say by e x c l u d i ng 
acet y l en �  f r om c on t r ol syr i n ge s . 
S L U R R I E S  T e n  g r ams o f  s o i l  we r e  p l ac e d  i n t o 4 0  mL 
s e r um b o t t l es f o r  t h e  s l ur r y t ec hn ique . T e n  m i l l i l i t e r s  
o f  wa t e r  we r e  a dd e d  t o  t h e  samp l e s  and s h a k e n  t o  c r ea t e  a 
s lu r ry . Rubbe r s ept u m  s t oppe r s ( 2 2 x 1 1  mrn ) wer e u s ed t o  
s ea l  bo t t l e open i ng s . Th e a tmosphe r e s  we r e  e v a c u a t e d  f i v e 
t ime s a n d  r ep l a c e d  w i t h a r gon f o r  anae r ob i c  c ond i t ions .· 
Ace t y l e n e  w a s  added t o  ac h i eve a 5 %  con c e n t r a t i o n  and t h� 
bot t l es we r e  s ha k e n  a t  2 0° C ( f i e ld t empe r at u r e ) f o r 2 4 h .  
Ga s s a mp le s  we r e  r emoved u s i ng a syr inge and ana ly z e d  f o r  
N 2o u s i n g  t he g a s  c h r omat o g r ap h . 
GAS C H RO MATOGRA PHI C ANAL Y S I S  N i t rous o x i de s ep a r at i o n  
wa s a c compl i s he d  u s i n g  Po r ap a k  Q as pac k i ng i n  a c o l umn 
ma i n t a i n e d  at a t empe r at ur e  of 7 5° c .  N i t r o u s  o x i de wa s 
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d e t e c t e d  u s i ng a 6 3N i  e lec t r on c apt u r e d et ec t o r  h e a t ed t o  
3 2 0° c i n  a va r i an M o d e l  3 7 0 0  g a s  c h r oma t o g r ap h . N i t r og en 
was u s ed a s  t h e  c a r r i e r  g a s  at  a f low r a te o f  3 6  c m3 /m in . 
CORR E LAT I O N S  TO SO I L  MO I ST U R E  Pe rc en t  so i l  m o i s t u r es 
i n  t h e  c o r e s  we r e  c a l c u l at ed f r om t h e  r a t i o  o f  ( we t  s o i l  
we i g h t - d r y  s o i l we i g ht ) /d r y s o i l  we i gh t  ( 2 ) .  S o i l  was 
d r i e d  u s in g  a m i c r owave oven ( F r i g i d a i r e , Mode l M C 7 0 0M ) 
unt i l  no  c on d e ns a t ion wa s obse r ved on s y r i ng e  wa l l s .  No 
fu r t he r  we i g h t  l o s s was obse r v�d on h e at ing beyond t h i s  
p o i n t . Sy r i ng es we r e  t u r n e d  e ve ry 3 t o  4 m i nu t e s  t o  
p r event me l t ing o f  t he p la s t ic . A med ium t e mpe r at u r e  
l eve l ( l e v e l  7 )  w a s  u s ed . co r r e l a t i on s  between 
den i t r i f i c a t i on r a t e s  t o  s o i l mo i s t u r e c on t ent u s e d  s o i l  
mo i s t u r e  c on t e nt a s  a n  i nd ependent var i a b l e a n d  
den i t r i f i c a t i o n  r a t e  ( Kg N 2 h a
- l  d ay- l ) a s  t he d ep en dant 
var i ab l e . 
R ESULTS AND - D I SCU S S ION 
M e a n  v a l u e s  + . s t and a r d  d e v i a t ion f o r  d e n i t r i f i c a t ion 
rates ( Kg N 2 h a
- l  day- 1 ) and s o i l mo i s t u r e c on te nt s for  
s i x  e x pe r ime n t a l  r ep l i ca t i on s ,  are c ompa r e d  in  Tab le 1 .  
Th e s lu r ry t e chn i qu e  gave t h e  h i g he s t  ove r a l l  r at e s o f  
den i t r i f i c at i o n . Th e s e  r anged f r om 1 . 1 4 t o  1 . 3 4 K g  N 2 
ha- l  d ay - 1  and we r e  a ppr ox imat e l y  t h e  s a me r eg a r d l e s s  o f  
· i n i t i a l  s o i l  mo i st u r e  c ont ent . An i ns i g n i f i cant 
00 
� . 
Tabl e  1 :  Compar ison o f  three me thods for measuring den i t r ificat ion ra t e s  in s o i ls a s  related 
t o  soil mois ture conten t . (x = Mean , S . D .  = Standard Dev iat ion , N = Numbe r  o f  
Rep licat ion )  . 
DENITRIFICATION RATES (Kg N /HA/DAY) 
EXPERIMENT (x ± S . D . )  (N)  
NO . 
SLURRY CORE COVER 
************* '(*******************'  ******************** �*******************� 
1 1 . 30 ± 0 . 14 ( 16) 0 . 56 + 0 . 24 ( 16) 0 . 804 + 0 . 18 ( 3) 
-
2 1 . 14 ± 0 . 4 1 ( 16) 0 . 63 ± 0 . 07 2  ( 16) 0 . 7 1  + 0 . 34 ( 4) 
3 1. 17 + 0 . 7 9 ( 4) 0 . 2 8 + 0 . 2 9  ( 8 )  0 . 094  ± 0 . 047 (2) 
-
4 1 . 2 8  + 0 . 46 ( 2 )  0 . 05 + 0 . 0 75 ( 7 )  0 . 07 4  + 0 . 37 (2) 
- - -
5 1 . 34 + 0 . 28 ( 4) 0. 42 + 0 . 4 1 ( 8 )  0 . 105 ( 1) 
- -
6 1 . 3 1  + 0 . 2 9  ( 4) 0 . 1 1  + 0 . 12 ( 8) 0 . 19 2 ( 1) 
-
---- -- ----- - ---
% MOISTURE 
(� ± S . D . )  (N) 
******************** 
2 7 . 0 1 ± 1 . 90 ( 16) 
27 . 19 ± 4 . 09 ( 16) 
17 . 10 + 5 . 48 ( 8 )  
-
17 . 7 6 + 1 . 8 3  ( 8 )  
-
22 . 3  + 0 . 8 3 ( 8) 
2 1 . 4 + 1 .  2 6  ( 8 ) 
-
- ------ -- - --- - ---- -
c or r e lat i on wa s obs e r ve d  when t h i s d a t a  wa s c o r r e l a t ed t o  
s o i l mo i s t u r e  c on t en t  ( Ta b l e  2 ) .  Th i s  s u gg es t s t h e  s l u r r y 
t ec h n i q u e  p r ov i d e s  opt imum den i t r i f i ca t i on r at es a n d  d oe s  
not r e f le c t  act ua l  f i e l d  r a t e s . 
Ra t es ( Kg N 2 h a
- l  d ay- l ) ob t a ined w i t h  t h e  c o r e  
m�thod va r i e d  f r om 0 . 0 5 t o  0 . 6 3 and t h o s e  o f  t he c o v e r  
method r a nged f r om 0 . 0 7 t o  0 . 8 0 .  Wh en t h e  so i l  mo i s t u r e  
v a l u es r anged . f r om 1 7  t o  2 7  pe rcen t , bot h t h e  c o r e  and 
c ove r r esu lt s i nd i c at e d  the h i ghe s t  r a t e s  we r e  in s o i l s  of 
h i ghes t mo i s t u r e  c on t ent and l owe r r at es w i t h  t h e  l owe r  
mo i st u r e  c on t en t . co r r e l a t i o n s  and N numbe r be t ween d a t a  
us i n g  t h e s e  t e chn i q u e s  a n d  mo i st u r e  cont ent · a r e  l i s t ed i n  
Tab l e  2 . The s e  s i g n i f i cant r e l at ionshi p s  ind i c at e d  r at e s 
obse r ve d  w i t h  e i t h e r  met ho d  a d eq u a t e ly r e f le c t ed f i e ld 
c on d i t i on s . 
S i n ce s i g n i f i ca n t  r e lat i on s h i ps d id n ot e x i s t b e t we en 
t h e  dat a ob t a i n e d  by t h e  s l ur ry t ec h n ique and t h a t  f r om 
t he o t h e r  t wo m e t h o d s  ( Ta b l e  2 ) , t h e s l u r ry me th od d at a  
shou l d  n o t  b e  d i r e c t ly compa r e d  t o  dat a f r om e i t h e r  c� r e  
o r cove r met hods . A 
·
s i g n i f i ca nt r e lat ions h i p  d i d  e x i s t  
be t ween t h e  d a t a f r om co r e  and c ove r me thods i n d i c a t i n g  
t hat i n  a g i ve n  f i e l d  s i t uat i on , dat a f r om o n e  met ho d 
cou l d  b e  d i r ec t ly compa r e d  wi t h  dat a f r om t h e o t h e r . 
Con c l us i o ns o f  t h i s s t u dy ind i c�t e t h e  l i mi t a t i on s  t o  
u s i ng t h e  s lu r ry me t h o d  t o  e s t ima t e  den i t r i f i c a t i on r a t e s  
i n  s o i l a n d  c a r e  s h o u ld b e  t ak en t o  r epo r t  r es u l t s  f r om 
Tabl e 2 :  Correl at i o n  v al ue s  be twee n  te chnique s and per ce nt 
soil moisture s .  The number in parenthesis represe nt s numbe r 
or repl ications. • •  de notes si gnificance at 99% co nfide nce 
l imit . 
Core Cover Slur ry 
Cove r 0 . 55  • •  ( 5 9 )  N .  A • . N.  A .  
Sl urry 0 . 0 42 ( 6 0 ) 0 . 077 ( 4 1 ) N. A .  
Moi sture 0 . 45  • •  ( 6 3 )  0 . 7 5 • •  ( 1 3 )  -0 . 1 7  ( 46 ) 
) 
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t he s l ur ry met ho d  a s  p ot en t i a l den i t r i f i ca t i on r at es and 
n o t  ac t ua l  r a t e s . So i l  mo i s t u r e  cont ent wi l l  a f f e c t  r a t e s  
o b t a ined w i t h t h e  c o r e  a n d  c o v e r  t ec h n iq ue s , b u t  n o t  t h o s e  
r at es oba t a i n e d  b y  t h e  s l u r r y  met hod . The s i gn i f i c a n t 
c or r e lat i on b e tween d a t a  f r om t h e  c o r e  and c ov e r  met h o d s  
suppo r t t h e  con c e p t  o f  i n t e r c h a n g eab i l i t y  o f  Q a t a  
d e t e r m i n ed when u s in g  t he s e  two t e ch inques and e i t he r 
method mo r e  a cc u r a t e ly me asu r e s  act u a l  den i t r i f i c at i on 
r at e s  at  a s i t e  t h an d oe s t h e  s l u r ry met hod . 
Ad van t ag e s  o f  t h e  co r e  t e c h n iq u e  fo r f i e l d  a s s s a y s  
a r e : 1 )  le s s  ma t e r i a l s  a n d  equ i pment a r e  n e ed e d  i n  t h e  
f i e l d  an d 2 ) a l a rg e r  numbe r o f  r ep l i c a t i on s  �an b e  t ak e n  
at  e ac h  s a mp l i ng t ime t h e r eby l i mi t i ng d i s c r epan c i es d ue 
t o  spat i a l  v a r i ab i l i t y . One d i sadvan t a g e  i s  whe n  s a mp l i n g  
s uc h  a sma l l  s u r face a r e a , e r r o r  may b e  i n t r od uc e d  when 
e x t r apo l a t i ng to  a l a r g e r  area b u t  th i s  c a n  be  pa r t i a l ly 
o v e r come by r e p l i c at e a n a l y s e s . 
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4 3  
V I . P R E L I M I NARY F I E L D  S U RV EY U S I NG I N TA C T  SO I L  C OR E M E TH OD 
I n  t h e  p r ec e e d i n g  s ec t i on s  an i n t a c t  s o i l co r e  
t ec h n i qu e  wa s d e sc r i be d  a n d  p r opos ed t o  b e  a met hod f o r  
t h e  e s t ima t i on o f  d en i t r i f i c a t i on r at e s  a t  f i e ld s i t e s . 
S i � c e  e n v i r onmen t a l  f a c t o r s  s u ch a s  mo is t u re 
( 1 1 , 1 4 , 2 2 , 2 8 , 2 9 , 3 4 ) , n i t r ogen ( 1 1 , 1 2 , 2 9 , 4 0 ) and c a r bo n  
a va i lab i l i ty ( 1 1 , 2 4 , 2 9 , 4 4 ) , a n d  t empe r at u r e  ( 1 3 , 1 9 , 4 3 )  
a r e  k nown t o  i n f l uenc e d en i t r i f i c at ion r a t e s , f i n a l  
e va l ua t i on o f  t h e  p r op o s ed s o i l  c o r e  t ec hn iq ue w i l l  d epe nd 
on i t s  ab i l i t y  to r e f le c t  den i t r i f i ca t i on r at e s i n  ac t ua l 
f i e ld a s s ays . T h e s e  a s s ay s  s h ou ld i nc l u de a var i e ty o f  
veg et at i on type s unde r d i f f e r ing ag r i cu lt u r a l  p r ac t i c es . 
Th i s  s ec �i on r epo r ts r es u lt s o f  a p r e l im in a r y  
s u r vey o f  a var i e t y  o f  c r op management s ch emes i n  wh i c h  
d en i t r i f i c a t i on r a t e s  we r e  mea s u r ed u s in g  t he i n t a c t  s o i l 
c o r e  me thod . The s e  c h ang e s  i n  en v i r onmen t a l  cond i t i o n s  
s hou ld h a v e  a n  i mpac t o n  d en i t r i f i ca t i on r at es mea s u r e d by 
t h e  i n t a c t  s o i l c o r e me t h od . 
Fo r t h i s p r e l i mi na ry s u r vey i n tact  s o i l c o r e  
samp l e s  we r e  r emo ved , p r epa r e d , a n d  ana ly zed f o r  n i t r ou s  
ox ide a s  d e sc r i be d  e a r l i e r  ( Se ct i on I I I ) .  N i ne 
agr i cu lt u r a l s i t e s  ( l o c a t e d  i n  Brook i ng s  county , Sou t h  
Da k o t a ) we r e  i nc luded i n  t h i s  s u r vey . T h e r e  we r e  1 3  
typ i c a l  c r op managemen t p r ac t i c e s  r ep r e s ent ed a t  t h e s e  
s i t e s . Each s i t e  wa s e va l u a t e d  i n  t he f a l l  o f  1 9 8 4  on  a t  
44 
l ea s t  t h r e e  i nt e r va l s  o v e r an one mont h pe r i od . 
Tab l e  I V- 1  s umma r i z es t h e  r esu lt s · whe n  
d e n i t r i f i cat ion r a t e s  we r e  c ompa r ed b e tween a c o r n  a n d  
oat s o n  a Po i n s et t s i l t y  c lay l oam so i l , each c r op 
r ec e i v i n g  h i gh N ( 1 1 2 K g  N/h a ) and l ow N ( 3 6 . 7  Kg N /h a ) 
t re a t me n t s o f  f e r t i l i z e r  app l i c at i on . Th e r e s u lt s 
o b t a i n ed by t h e  s o i l  c o r e  t echn ique c l ea r ly i nd i c a t e  t h a t  
den i t r i f i c a t i on - r a t e s  a r e  a funct i o n o f  added s o i l  
n i t r og e n . Th i s  d a t a  ag r ee s  w i th t he c on c l us ions o f  H i l t on 
( 1 6 ) , a t  t h e  s ame s i t e , abo ut t h e magn i t u d e  o f  
deni t r i f i c at i on r e la t e d  t o  t h i s  s i t e  and s up po r t s t h e  
g e n e r a l  con c l u s i o n s  o f  C o l b o u r n  and Dowde l l  ( 7 ) ,  t h a t  u p  
t o  2 0 % o f  f e r t i l i z e r  a pp l i e d  i s  l os t  as a gas e o u s  p r o du c t  
f r om den i t r i f i c at i on . Ryden ( 3 4 )  r epor t s  a pos i t i v e 
c or r e lat ion be tween s o i l  p lo t s  r ec e i v i ng i nc r e a s i n g  
amo un t s o f  n i t r og e n  f e r t i l i z e r  a s  ammon i u m-n i t r at e  a n d  
d en i t r i f i cat ion r a t e s  a s  mea s u r e d  b y  a n  
a cety lene - i nh i b i t i on me t h od . I t  wo u l d  appe a r  t h e  co r e  
t ec h n i qu e  a l s o  d e t ec t s  c ha n g e s  i n  d en i t r i f i c at i on r a t e s  
when c ompa r e d  t o  s o i l  n i t r o gen s t at u s . I t  s h ou l d  be n o t e d  
f r om Tab le 1 ,  t hat a s  s amp l ing p r og r es sed i n t o  t he f a l l 
s ea son , den i t r i f i c a t i �n r at e s  d ec r e as e d  a t  a l l  f o u r s i t es . 
Th i s  c hang e wa s p r ob ab ly c au s e d  by dec r e a s i n g  s o i l  
t empe r a t u r e . 
The r e su l t f r om a n  a s s ay o f  f i elds c on s i s t i n g  o f  




TABLE VI- 1 : Denitrif icat ion rates as a fun� t ion o f  veg� tat ion type and leve ls o f  nitrogen . 
Each value represents a mean o f  f ive replicat ions . ( i equals the mean value and S . D .  equals 
s tandard deviation . )  
AS SAY 
DATE 
9 / 1 9 / 85 
10/ 1 5 /85 




0 . 3 ± 0 . 5 
. .  
0 . 02 ± 0 . 003 
0 . 0 1 ± 0 . 03 
--�--
RATES OF DENITRIFICATION 
. - 1  - 1  
(Kg N ha- . day ) 




0 .  2 ·± . . 0 .  0 2 . 
0 . 004 ± 0 .004 
0 . 0005 ± 0 . 0006 
L__ - -. ·- -----
OATS 
HIGH N 
0 . 3 ± 0 . 4 
0 . 0 1  ± 0 . 006 




0 . 05 ± 0 . 05 
I 
0 . 04 ± 0 . 006 
0 . 002 ± 0 . 002 
---
wheat s t ub b l e  a n d  a l fa l f a  i s  s h own i n  Ta b l e  VI - 2 T h e  
h i ghe s t  r at e  o f  d en i t r i f i c a t i o n  was obs e r ve d  i n  t h e  
a l fa l f a  s o i l . Th e s ec o n d  h i gh e s t  r a t e s  o f  den i t r i f i ca t i on 
we r e  i n  t h e two f ie ld s  o f  l eg u me soybeans . c o r n  a n d  wh e a t  
s t ubble h a d  appr ox imat e ly equa l d e n i t r i f i c at ion r a t e s , 
wh i l e t h e  g r a s s  s i t e s  h a d  t h e  l owes t r a t e s . I t  h a s  b e e n  
s hown b y  p r e v i ou s  i n ve s t i g a t o r s  ( 1 1 , 2 9 , 3 4 )  t h a t  p l an t s  c an 
i n f l uen c e  r at e s o f  d en i t r i f i c a t i on t h r ough r o ot e x u da t e s  
wh i c h  v a ry i n  f o rm a n d  amount o f  a va i lab le c a r bo n  a n d  
n i t rogen . Den i t r i f i c a t i on may be  pos t u l a t e d  t o  be h i gh e s t 
i n  t h e  r h i z o sphe r e  s o i l o f  l eg ume s bec ause o f  t h e  
pot ent i a l  e x u da t i o n  o f  f i x ed N and ca rbon f r om t h e  p l a n t  
r oot . 
Th e i n t a c t  s o i l c o r e  met hod , a s  b a s e d  on t he 
r es u l t s  obt a i ne d  f r om t h i s  p r e l i m i n a r y  f i e ld s u r vey , d o e s  
r e f l e c t  d e n i t r i f i cat i on r a t e s  i n  f i e ld s i t es . 
D en i t r i f i c a t i o n  r at e s  c hanged r espec t i ve ly a s  l e v e l s  o f  
a pp l i e d  N- fe r t i l i z e r s  we r e  i n c r e as ed and dec r e as ed . A 
d e c r eas e i n  d en i t r i f i c a t i on r at es was obs e r v e d  a s  s o i l 
-t empe r at u r es beg an t o  d e c l i n e . Vege t a t i on d i d i n f l u e n c e  
den i t r i f i c a t i o n a s  s o i l s s uppo r t i ng legumes h ad t h e  h i g h e r 
r at e s  and t h e  l owe s t  r �t es we r e  obse r ved s o i ls f r om g r a s s  
c ove r e d  s i t e s . 
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TABLE VI-2 : Denitrification rates as a func t ion of  vege tat ion 
type . Measurement s  were comple t ed on Oc tober 8 and 9 ,  1 984 . 
Each value repre sent s a mean o f  5 rep l icat ions . (x equals 
mean and S . D .  equals s t andard deviat ion . ) 
DENITRIFICATION RATES 
CROP S ITE (Kg N ha- l day- 1 ) 
(x ± S . D . ) 
-
Nat ive Grass 0 . 002 ± 0 . 002 
Pas ture Gras s  0 . 0 1 ± 0 . 008 
Corn 0 . 1 ± 0 . 1 
Corn 0 . 5  ± 0 . 2 
Soybean 0 . 6  ± 0 . 4  
Wheat s tubble 0 . 0 1 ± 0 . 05 
Wheat S tubble 0 . 3 ± 0 . 2 
Alfalfa 1 . 2  ± 0 . 5  
4 7  
V I I .  GENERAL CO NCLU S I ON S  
Den i t r i f i ca t i on r a t e s  i n  a s o i l e c o s y st em a r e  
i n f l u e nced b y  a v a r i e t y  o f  e nv i r onment al  pa r amet e r s . T h e  
met hods emp l oyed t o  o b t a i n  a c c u r a t e  a s s e s sment o f  
d en i t r i f i cat ion r a t e s  mu s t  a c c ou nt f o r  t h e s e  a f f ec t s . 
Du r i n g  t h i s  i nv e s t i g a t i on an i n t a c t  s o i l  co r e  t e c h n i q u e , 
based on t he i nh i b i t i on o f  N2o r ed uc t i on by a c et y l en e , was 
deve lope d t o  e s t imat e d e n i t r i f i ca t ion r a t e s  i n  
ag r i c u l t u r a l  s o i l s . The met hod was compa red wi t h  e x i s t i n g  
f i e ld t ec h n i ques u s e d  t o  mea s u r e  r at es o f  d e n i t r i f i c a t i on . 
D en i t r i f i c a t i on r a t e s  mea s u r ed u s ing t he i n t a c t  
·
s o i l  c o r �  
t ech n i qu e c o r r e lat ed we l l  w i t h  r a t es obt a i ned emp l oy i n g  a 
c ov e r  met hod , b u t  d i s t i n c t  a d vant ag e s  e x i s t  w i t h  t h e  c o r e  
met h od . T h e  s imp l i c i t y  a n d  i n c r ea sed s t at i s t i ca l  
r e l i ab i l i ty mak e  i t  a t t r ac t i v e  a s  a f i e l d  t e c h n iq u e  f o r  
meas u r i n g  d e n i t r i f i c a t i on . Wh en u s i n g  t h i s i nt act  s o i l  
c o r e  t e c h n i qu e  t o  e s t i ma t e  d e n t r i f i ca t i on r at es  und e r  a 
v ar i ety o f  veg et at i on a n d  l e ve l s  o f  appl i e d  N- fe r t i l i z e r s , 
i t  wa s s hown t h e  r a t e s  me a s u r e d  r e f le c t  the s e  d i f fe r e n c e s . 
Th e r e f o r e ,  i t  i s  p r opos e d  t h i s  t echn i q ue c an r es u l t  i n  
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